FIELD experiment was conducted at Sakha Agric. Res. Station, Kafer EL-Sheikh Governorate, Egypt during 2013/2014 and 2014/2015 seasons to study the relative advantage of intercropping faba bean (variety Giza 643) with sugar beet (variety Geloria) and its impact on yield and quality attributes of both crops. A split plot design with three replications was used. The treatments of faba bean sowing distance (10, 20 and 30 cm) allocated in the main plots, while, the ten combination of nitrogen levels with bio fertilizers (90, 72, 54, 36 kg N/fad, 72, 54, 36 kg N/fad + Cerealine, 72, 54, 36 kg N/fad + Rizobacterine) were arranged in sub plots, the obtained results showed that:
The planting space of 30 cm gave the greatest values of number of branches/ plant, number of pods /plant, number of seeds/plant, weight of 100 seeds, straw yield/fad, seeds yield/fad, protein percent, root diameter (cm), fresh leaves weight/plant, fresh root weight/plant, dry leaves weight /plant, dry root weight /plant and root yield/fad (ton fad -1 ) in both seasons and at number of leaves /plant in the first seasons only, while the planting space of 10 cm recorded the lowest values in all previous characters. The treatment of 36 kg N level showed the lowest values at plant height (cm), number of pods/plant, number of seeds/plant, weight of 100 seeds (gm), seeds yield (ton fad -1 ), protein percent of faba bean, number of leaves /plant, root length (cm), root diameter (cm), fresh leaves weight/plant, fresh root weight/plant, dry leaves weight /plant, dry root weight /plant, root yield/fad(ton fad -1 ), sugars percent (%), purity percent and TSS (%) of sugar beet in the two growing seasons, while the treatments both of 90 and 72 kg mineral nitrogen as individual or 72 kg mineral nitrogen in combination with Cerealine or Rizobacterien recorded the highest significant values at all mentioned previous characters in both seasons. The interaction between 30 cm sowing distance of faba bean with both of 90 and 72 kg mineral nitrogen as individual or 72 kg mineral nitrogen in combination with Cerealine or Rizobacterien in both growing seasons recorded the highest values of the all studied characters while, the lowest values of those characters were recorded at the interaction between 10 cm faba bean sowing distance 36 kg mineral nitrogen as individual in both growing seasons. The highest values of Relative yield (RY), LER and net income of faba bean and with sugar beet at density of six or eight plants /m 2 . Intercropping faba bean at four plants m -2 with sugar beet increased profitability by 12.5% over solid sugar beet. Mohammed et al. (2005) found that maximum values of land equivalent ratio 1.36 and 1.38 were obtained from intercropping 100% sugar beet with 33% faba bean in the first and second seasons, respectively along with the highest values of total income.
Bio-fertilizers are reasonably safer to the environment than chemical fertilizers and play an important role in decreasing the use of chemical fertilizers. Consequently, it causes a reduction environmental pollution. Soil inoculation with microorganisms may lead to increase soil available nitrogen and consequently increase formation of metabolites which encourage the plant vegetative growth and enhance the meristematic activity of tissues to produce more branches. The role of bio-fertilizers containing symbiotic or non-symbiotic nitrogen-fixing bacteria is improved the vegetative growth characters, yield and yield components.
Therefore, this study aimed to evaluate the yield and quality of both faba bean and sugar beet under intercropping system as affected by faba bean sowing distance and the combination between mineral nitrogen levels with bio fertilizers sources (Cerealine and Rizobacterine).
Materials and Methods
The field experiment was conducted at Sakha Agriculture Research Station, Kafer EL-Sheikh Governorate, (310 07ˉ N Latitude and 300 57ˉ E longitude with an elevation of about 6 meters above mean sea level) during 2013/2014 and 2014/2015 seasons to study the effect of the combination between mineral nitrogen levels with bio fertilizers sources and plant density on both faba bean (Vicia faba L.) and sugar beet (Beta vulgaris var. saccharifera, L.) production and quality attributes of both crops. Split plot design in three replications was used in this study. The present investigation included three treatments of faba bean distance 10, 20 and 30 cm (Equal plant density 70,000 -35,000 -17,500 plants / fad , respectively) which were occupied in the main plot, while the ten combinations between mineral nitrogen levels with bio fertilizers sources {Control treatment (equal recommended rate of 90 kg / fad), 40% of control treatment, 60 % of control treatment, 80 % of control treatment (equivalent to 36, 54 and 72 kg / fad , respectively ), 40 % of control treatment + Cerealine, 60 % of control treatment + Cerealine, 80 % of control treatment + Cerealine, 40 % of control treatment + Rizobacterine , 60 % of control treatment + Rizobacterine, 80 % of control treatment + Rizobacterine} were arranged in a sub plot. The sub plot area was 28.80 m 2 including 6 ridges of 4-m in length and 120 cm in width. The phosphorus fertilizer was applied in the form of calcium super phosphate (15 % P2O5) at the rate of 200 kg/fad at seed bed preparation. Nitrogen fertilizer was applied for sugar beet as ammonium nitrate at rate of 90 kg N/fad, Potassium fertilizer was added in the form of potassium sulphate (48% K 2 O) at the rate of 48 kg/fad before canopy closer. Sowing of sugar beet variety "Geloria" during the 12 th of October and faba bean variety "Giza 843" was cultivated in 15 th November in both seasons. The cultivation of sugar beet on both sides of the bed with a single plant/hill, the plant density 35,000 plants/fad and planting faba bean on the back of the bed in two lines with two plants / hill. Harvesting of sugar beet was done after 210 days, while faba bean was harvested after 190 days in both seasons. Whereas, the biofertilizers Cerealine and Rhizobecterien were obtained from General Organization for Agricultural Equalization Fund (GOAEF), Agricultural Research Center, Giza, Egypt. Cerealine is the commercial name of nitrogen fixing bacteria containing Azotobcter chroococcum sp. And Azospirillum baseline while, Rhizobecterien is the commercial name of nitrogen fixing bacteria containing Bacillus polymyxa, Both biofertilizers were added at the rate of 10 gm /kg of faba bean and sugar beet seeds.
Air and soil temperatures were recorded during the two growing seasons as presented in Table 1 . Some soil physical properties were analyzed using the procedure described by Black et al. (1965) . Soil chemical analysis was determined according to the method of Jackson (1973) . Physical and chemical analyses of the soil (the upper 30 cm) of the experimental site are given in Table 2 . Yield characters : At harvest, guarded plants of six ridges were uprooted, topped and weighted to determine the following parameters: root yield (ton fad -1 ) and sugar yield (ton fad -1 ).
Quality and chemical constituents:
Sucrose percentage was estimated in fresh samples of sugar beet roots, using Saccharometer according to the method described in A. O.A.C. (1990) , Total soluble solids (TSS %) was determined by using the hand refractometer. Sodium, potassium and Purity percent: The purity of a sugar solution may be defined as the percentage of total solids (dry substance) of all solution which is sugar.
Faba bean characters
Plant height (cm), number of branches/plant, number of pods/plant, number of seeds/plant, 100-seed weight (g), seed yield/plant, straw yield (ton fad -1 ) and seed yield/fad (ton fad -1 ).
The Data obtained were statistically analyzed according to the method described by Gomez & Gomez (1984) . Means of the treatments were compared by the least significant difference (LSD) at 5 % level of significance which developed by Waller & Duncan (1969) . All statistical analysis was perforrmed using analysis of variance technique of (MSTATC) computer software package.
Land equivalent ratio (LER)
LER was described by Willey & Osiru (1972) . Land equivalent ration LER was determined according to the following formula:
where: Yaa and Ybb were pure stand of crop a and b respectively, Yab is yield of the intetcropped a crop (ton /fad), Yba is yield of the intercropped b crop ( ton /fad).
Total return of intercropping cultures (Net income/fad)
It was calculated for each treatment in price of faba bean yield by Egyptian pounds + price of sugar beet yield by Egyptian pounds, using the average farm gate price for two seasons .The market price for faba bean seeds and sugar beet was LE 900 / ardab and LE 375 /ton, respectively.
Results and Discussion

Faba bean characters
Plant height, number of branches/ plant, number of pods /plant, number of seeds/plant, weight of 100 seeds, straw yield fad -1 , seeds yield fad -1 , and protein content of faba bean as affected by sowing distance and the combination between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin) in 2013/2014 and 2014/2015 seasons are presented in Tables 3  and 4. The data in both seasons showed that increasing faba bean sowing distance from 10 to 30 cm resulted in a significant increase at all previous mentioned agronomic traits except the plant height and straw yield/fad traits in both seasons which recorded decreasing with increasing the bean sowing distance. A significant increase in these traits was accompanied with each increment of plant density. The data revealed that the planting space of 30 cm gave the greatest values at all previous mentioned growth traits in both seasons except the plant height and straw yield/fad characters which recorded the lowest values, while the planting space of 10 cm recorded the lowest values in all previous characters except the plant height and straw yield/fad which showed the highest values. Such effect of faba bean sowing distance could be attributed mainly to its role in the growth stages and the competition between all plants on nutrition and light and the effect of various physiological process including cell division and cell elongation of internodes resulting in more tillers formation, leaf numbers and photosynthetic area (leaf area), which resulted in more photosynthetic production. These results are in harmony with those obtained by Hussein & EL-Deeb (1999) and Mohammed et al. (2005) . The application of combination between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin) resulted in a significant effects in plant height, number of pods /plant, number of seeds/plant, weight of 100 seeds, seeds yield/fad and protein content in both seasons and number of branches/ plant in the second season only, however the straw yield/fad did not significantly differed in both seasons. The treatment of 36 kg mineral nitrogen level showed the lowest values at plant height (cm), number of pods/plant, number of seeds/plant, weight of 100 seeds (gm), seeds yield (ton fad -1
) and protein percent of faba bean in the two growing seasons and number of branches/plant in the second season, while the treatments of 90 kg mineral nitrogen as individual and 72 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien recorded the highest significant values compared with the other combinations at plant height (cm), number of pods /plant, number of seeds/plant, weight of 100 seeds, seeds yield/fad and protein content in both seasons and number of branches/ plant in the second season, on the other hand the treatment of 54 kg mineral nitrogen as individual and in combination with Cerealine or Rizobacterien showed relative increasing at all previous significantly traits compared with the level of 36 kg mineral nitrogen which recorded the lowest values. Such effect of fertilizers might have been resulted from the role of Nitrogen fertilizers in enhancing the soil biological activity which improved nutrient mobilization from organic to chemical fertilizers which is closely related to the amount of absorbed nitrogen and then improve translocation of assimilates and thus improve the growth characters.
With regard to the interaction faba bean sowing distance and combinations between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin), the data in Tables 3 and 4 show that there is a significant effect on number of branch/ plant, number of pods /plant, weight of 100 seeds in the first season and protein content in the second season while the seed yield/fad had a significant effect in both. Similar results were obtained by Mahmoud et al. (2014) .
Sugar beet crop characters
Results in Tables 5 ,6 ,7 and 8 show that faba bean sowing distance and the combination between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin) and its interaction had a significant effect on the number of leaves / plant, root length (cm), root diameter (cm), fresh leaves weight/plant, fresh root weight/plant, dry leaves weight /plant, dry root weight /plant, root yield/fad (ton fad There are significant differences in number of leaves /plant, root length (cm), root diameter (cm), fresh leaves weight/plant, fresh root weight/plant, dry leaves weight / plant, dry root weight /plant, root yield/fad(ton fad -1 ), sugars percent (%), purity percent and TSS (%) due to the application of combination between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin) in both seasons. The treatments of 90 kg mineral nitrogen as individual and 72 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien showed the highest significant values compared with the other combinations for the previous traits, followed by the treatments of 54 kg mineral nitrogen as individual and in combination with Cerealine or Rizobacterien. However, the lowest values were obtained from the application of 36 kg Nfad -1 as individual or in combination with Cerealine or Rizobacterien. Such effect of fertilizers might have been resulted from the role of fertilizers in enhancing the soil biological activity which improved nutrient mobilization from organic and chemical fertilizers which is closely related to the amount of absorbed nitrogen and then improve translocation of assimilates and thus improve the growth characters. These results are in harmony with those obtained by Abdel Motagally et al. (2014) . N= nitrogen, C = Cerealine, R= Rizobacterin, LSD = least significant difference and Ns indicate p <0.05 and not significant, respectively. N= nitrogen, C = Cerealine, R= Rizobacterin, LSD = least significant difference.
The data in both seasons showed that increasing faba bean sowing distance from 10 to 30 cm resulted in a significant increase at root diameter (cm), fresh leaves weight/plant, fresh root weight/plant, dry leaves weight /plant, dry root weight /plant and root yield/fad (ton fad -1 ) while number of leaves /plant showed increasing in the first seasons only where the 30 cm sowing distance gave the greatest values at all previous mentioned traits while the sowing distance of 10 cm recorded the lowest values in all previous mentioned characters. The same treatments showed that decreasing at root length (cm), sugars percent (%), purity percent and TSS (%) of sugar beet in 2013/2014 and 2014/2015 seasons. The data revealed that sowing distance of 10 cm recorded the highest values in all previous mentioned traits but the 30 cm sowing distance gave the lowest values at the same mentioned characters. Such favorable effect of bean sowing distance on growth characters might have been resulted from the increase the volume of plant roots, which increased vegetative growth, photosynthetic area, which resulted in more assimilates products and consequently increased dry matter accumulation and translocation of more photosynthesis to seeds. These results are in agreement with those obtained by Mohammed et al. (2005) , Abo-Elela (2012), Abdel Motagally et al. (2014) and El-Shamy et al. (2015) .
The interaction between the faba bean sowing distance and the combination between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin), had a significant effect on number of leaves /plant, Fresh leaves weight (gm) / plant, fresh root weight (gm) /plant, and dry root weight/plant in first season and TSS % of sugar beet in the second season, There are significant differences in the root yield tonfad -1 in both seasons. Table 8 showed that the effect of interaction between faba bean sowing distance and combinations between mineral nitrogen levels and bio fertilizers (Cerealine and Rizobacterin) on root yield fad -1 and seed yield fad -1 of faba bean in both seasons. The interactions between 10 cm sowing distance of faba bean and 36 kg showed the lowest values of sugar beet root yield tonfad -1 and faba bean seeds yield tonfad -1 without a significantly differences compared with other interactions, the interaction between 30 cm sowing distance of faba bean with 90 kg mineral nitrogen as individual or 72 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien gave the highest significant values of sugar beet root yield tonfad -1 and faba bean seeds yield tonfad -1 without a significantly differences compared with the other interactions, followed by the interaction between 20 cm sowing distance of faba bean with 90 kg mineral nitrogen as individual or 72 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien in both traits. These results may be due to the effect of nitrogen levels and biofertilizer on soil activity and characters, added to that the effect of sowing distance on optimum plant distribution in the field, all that improve nutrient mobilization from organic and chemical fertilizers which is closely related to the amount of absorbed nitrogen and then improve translocation of assimilates and thus improve the growth and yield characters. Similar results were obtained by Abdel Motagally et al. (2014) .
Data in
The data in Tables 9 and 10 revealed that the highest values of relative yield (RY), LER and net income of faba bean and sugars beet were obtained from the interaction between 30 cm sowing distance of faba bean with 90 kg mineral nitrogen as individual or 72 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien in both growing seasons followed by the combinations between 30 cm faba bean sowing distance and 54 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien but the lowest values of those characters were recorded at the interaction between 10 cm faba bean sowing distance 36 kg mineral nitrogen as individual or in combination with Cerealine or Rizobacterien in both growing seasons. Such favorable effect of faba bean sowing distance on those characters might have been resulted from improve in faba bean and sugar beet productivity which reverse on relative yield (RY), net income for faba bean and sugar beet and land equivalent ratio (LER). These results are in accordance with those obtained by Mohammed et al. (2005) , Abo-Elela (2012), Abdel Motagally et al. (2014) and El-Shamy et al. (2015) . 
Conclusion
From the results and under the conditions of this study, It could be concluded that he highest productivity and best total net income of faba bean and sugars beet resulted from planting of faba bean at distance 30 cm under intercropping system with sugar beet with application of 72 kg mineral nitrogen in combination with bio fertilizers (Cerealine or Rizobacterien).
